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S U M I4 A R Y 
by I?. B. D i v a r i  
Inferences  fol lowing from the  assumption t h a t  dus t  p a r t i c l e s  of 
i n t e r p l a n e t a r y  space are e l e c t r i c a l l y  charged, a r e  discussed. It is shown 
t h a t  i n  t h i s  case a n a t u r a l  explanat ion b e f i t s  a se r ies  of observed regula-  
r i t i e s  in the  zodiaca l  l i s h t ,  the  gegenschein, the  t w i l i g h t  glow and i n  
n o c t i l u c e n t  clouds.  The p o s s i b i l i t y  is shown of c i r c u m t e r r e s t r i a l  dus t  cloud 
replenishment by submicron dus t ,  always llblown away" by the  solar witld from 
the  luna r  environment. The submicron p a r t i c l e s  are  t rapped by the  geomagne- 
t i c  f i e l d ,  forming t h e  most s t a b l e  component of t h e  c i r c u m t e r r e s t r i a l  dus t  
cloud. 
* * *  
I f  the  dus t  p a r t i c l e s  of i n t e r p l a n e t a r y  space c a r r y  along an e l e c t r i -  
221 zkzrge ,  t h e y  must bz SUb$22t t o  the action of magnetfe flelds. Iii t h e  
f r e e  i n t e r p l a n e t a r y  space they w i l l  be ac t ed  upon by t h e  magnetic f i e l d  of 
t h e  solar wind, and bes ides ,  near the  E a r t h  they w i l l  be s u b j e c t  t o  the  
a c t i o n  of the E a r t h ' s  magnetic f i e l d .  
The e l e c t r i c  p o t e n t i a l  of a dus t  p a r t i c l e  is  condi t ioned by its in -  
t e r a c t i o n  with e l e c t r o n s  and ions  of i n t e r p l a n e t a r y  space and by the  photo- 
e f f e c t  induced by t h e  a c t i o n  of Sun's u l t r a v i o l e t  and X-ray r a d i a t i o n .  The 
ques t ion  of body p o t e n t i a l  i n  i n t e r p l a n e t a r y  space w a s  reviewed i n  t h e  works 
E 1  - 81. The poss ib le  va lues  of p o t e n t i a l s ,  found i n  these  works, o s c i l l a t e  
from several .  t e n s  of v o l t  t o  s eve ra l  k i l o v o l t s .  lilithout pausing a t  t h e  con- 
s i d e r a t i o n  of t hese  works, we s h a l l  po in t  out  t h a t  i t  is i a p o s s i b l e ,  a t  pre- 
s e n t ,  t o  der ive  a r e l i a b l e  conclusion on the  magnitude of t h e  p o t e n t i a l  of 
a d u s t  p a r t i c l e  on t h e  b a s i s  of t h e o r e t i c a l  cons idera t ions  only,  f o r  t h e  
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necessary  d a t a  on phys ica l  p r o p e r t i e s  of 
and on dens i ty  d i s t r i b u t i o n  of p a r t i c l e  energy of t he  i n t e r p l a n e t a r y  plasma 
a r e  absent .  Despi te  t h i s ,  t he  p o s s i b i l i t y  cannot be excluded t h a t ,  under 
s p e c i f i c  condi t ions ,  the  p o t e n t i a l  of dus t  p a r t i c l e s  may have a s u f f i c i e n t l y  
g r e a t  value.  
t h e  su r face  of dus t  p a r t i c l e s  
We s h a l l  demonstrate below t h a t  t h e  assumption of dus t  p a r t i c l e s  
b e i n g  e l e c t r i c  chczrge c a r r i e r s  provides t h e  p o s s i b i l i t y  t o  expla in  some of 
t h e  observed r e g u l a r i t i e s .  
Assuming the  i n t e r p l a n e t a r y  dust  p a r t i c l e s  being charged allows us 
t o  exp la in  the  gegenschein, o r  counterglow, by these  p a r t i c l e s '  accumula- 
t i o n  i n  t he  reg ion  of the  Ear th ' s  magnetohydrodynamic t a i l ,  considered theo- 
r e t i c a l l y  by Piddington [9] 
Explorer-18 [lo]. There e x i s t s  i n  the Ea r th ' s  magnetic t a i l  R n e u t r n l  zone, 
d i v i d i n g  t h e  f i e l d  r eg ions  of opposi te  o r i e n t a t i o n ,  i n  which t i n y  dus t  par- 
t i c l e s  may accumulate. Piddington assumed [ 9 ]  t h a t  gas p a r t i c l e s ,  t rapped 
i n  the  n e u t r a l  zone of the  t a i l ,  mzy exp la in  the  counterglow. However, t he  
concept of Ez r th ' s  gas t a i l  is l e s s  acceptable  than  t h a t  of  t h e  dus t  t a i l .  
F i r s t  of a l l ,  t he  f a c t s ,  on the b a s i s  of which the  assumption w a s  made of 
t he  e::istence of E a r t h ' s  gas tail, have at present  dropped o f f .  We have i n  
mind t h e  Karimo~~s r e s u l t  c117 about t h e  enhancement of n igh t  sky emission 
l i n e s  i n  counterglow, which w a s  r e f u t e d  by the  works of Fa r iysk iy  and Gindi- 
l is  c121, Weinberg [l3], and others.  Measurements of hydrocen e n i s s i o n  in t en -  
s i t y  i n  the  l i n e  H, se rve  as a s e r i o u s  argument a g a i n s t  t he  concept of 
E a r t h ' s  gas t a i l .  As w a s  shown by Fishkova C141 and Shcheglov[l5] measure- 
ments, an i n t e n s i t y  m i n i m u m  of hydrogen glow is observed i n  the  counterglow 
reg ion ,  a l though according t o  Shcheglov d a t a  Cl51,the i n t e n s i t y  d i s t r i b u t i o n  
of hydrogen emission i n  t he  zodiacal  l i g h t  reg ion  corresponds t o  i n t e n s i t y  
d i s t r i b u t i o n  i n  the  v i s i b l e  region of the  continuous spectrum. A s  i n  the  
case of zod iaca l  l i g h t ,  t h e  explanat ion of couterglow by l i g h t  s c a t t e r i n p  
i n  Rases is met w i t h  t he  requirenent  of having h igh  gas concent ra t ions  on 
account of the  s m a l l  e f f e c t i v e  s c a t t e r i n g  c ros s  s e c t i o n  o f  gas p a r t i c l e s  hp 
comparison^ u s t  p a r t i c l e s .  Thus, t h e r e  i s  no b a s i s  t o  assume t h a t  the  counter- 
glow is  e::.plr>.ined 5y the  E m t h ' s  gas t z i l  and, consequently,  t h e  concept of 
dus t  t a i l  is more acceptable  thew the  former. 
and de tec t ed  with t h e  a i d  of AES ImpI, o r  
w i t &  
3. 
I n  the  case ,  whereby the  Ea r th ' s  magnetic t a i l  s e r v e s  as a r e s e r v o i r  
f o r  dus t  p a r t i c l e  accumulation, these p z r t i c l e s  must a l so  acculilulate i n  the  
magnetohydrodynamic t a i l  of t he  Moon, r e c e n t l y  discovered with the  a i d  o f  
the  Imp I sa t e l l i t e  C161. This  allows a n a t u r a l  explana t ion  f o r  the  r e c e n t l y  
r evea led  dependences of zod iaca l  l i g h t  b r i g h t n e s s  and its a x i s '  p o s i t i o n  
on t h e  age of the Noon C17, 181. The in f luence  of t he  Moon on the  near-the- 
E a r t h  dus t  cloud i s  d i f f i c u l t  t o  exp la in  by the  g r a v i t a t i o n a l  a c t i o n  only. 
T h i s  i n f luence  is n a t u r a l l y  explnined i f  one assumes t h a t  in t h e  Moon's 
magnetic t a i l ,  which according t o  Ness C161 sp reads  at least  over 150 l u n a r  
r a d i i ,  t h e r e  e x i s t s  an accumulation of dus t  p a r t i c l e s ,  of which the concen- 
t r a t i o n  is higher  than  i n  the remaining sublunar  space. 
I n  t h i s  case t h e r e  is a l s o  a n a t u r a l  explana t ion  f o r  t he  dependence 
of t h e  t w i l i g h t  sky b r igh tness  on t h e  age of t h e  1-loon, r evea ied  i n  [19 -21).  
As was poin ted  out  i n  [211, t he  d i s t r i b u t i o n  of  dus t  at h e i g h t s  of -200 km 
above ground, where t h e  events  considered s t i l l  observed, is not  l i n k e d  
wi th  t h e  dens i ty  d i s t r i b u t i o n  of Ear th  atmosphere gases. Th i s  i s  why t h e  
dependence of t w i l i g h t  sky br igh tness  ( and consequently of dus t  concentra- 
t i o n  i n  the  upper atmosphere) on the age of the  Moon can not  be explained 
by l u n a r  t i d e s  i n  t h e  t e r r e s t r i a l  atmosphere. It may be connected wi th  the  
in f luence  of  Moon's dus t  t a i l .  ITote t h a t  t h e  dus t  p a r t i c l e s  of Moon's t a i l  
may a l s o  con t r ibu te  s u b s t a n t i a l l y  t o  t h e  F-corona. 
The ex i s t ence  of t h e  magnetohydrodynamic t a i l  of the  IdIoon assumes 
that t h e  Moon has a magnetio f i e l d ,  which, according t o  Vest ine c22) and 
Neugebauer [23], may be pressed by the  solar wind t o  t h e  l u n a r  su r face ,  o r  
even conpressed under t h e  sur face ,  I n  t h i s  case t h e  s o l a r  wind w i l l  "blow 
away" the dus t  p a r t i c l e s  r i s i n g  over i t  a t  me teo r i t e  impacts o r  f o r  o t h e r  
causes.  Inasmuch as the p c r t i c l e s  of l u n a r  s u r f a c e  may also h m e  an e l e c t r i c  
y o t e n t i c 1  [6,7], they must be c a r r i e d  by the magnetic f i e l d  of t he  s o l a r  
w i n d ,  moving h e l i c o i d a l l y  d o n g  the l i n e s  of force .  Thus, t he  Moon may be 
a source of dus t ,  moving from the Noon i n t o  i n t e r p l a n e t a r y  space under t h e  
z c t i o n  of t he  m a p e t i c  f i e l d  of the solar wind. 
We s h a l l  now exanine w h i c h  p a r t i c l e s  may be s u b j e c t  t o  t h e  e f f e c t i v e  
a c t i o n  of m a p e t i c  f i e l d s .  Rccordinc t o  Fmlcer [24], p a r t i c l e s  of r a d i u s  
4. 
a = lo4 cm wi th  a 10 V p o t e n t i a l  w i l l  be s u b j e c t  t o  cons iderable  per turba-  
t i o n  from the  s i d e  of t h e  s o l a r  w i n d ' s  magnetic f i e l d .  For  p a t i c l e s  wi th  
a C 1.2 10-5 cm the  g r a v i t a t i o n a l  a t t r a c t i o n  of the Sun w i l l  be l e s s  than  
t h e  Lorente fo rce .  
Let us consider  a t  f u r t h e r  l e n g t h  t h e  c o r r e l a t i o n s  of g r a v i t a t i o n a l ,  
l i g h t  p re s su re  and Lorente f o r c e s  a c t i n g  upon a p a r t i c l e  of  t h e  near-Ecarth 
dus t  cloud. 
For t h e  Lorente f o r c e  we have 
(1) 
4- F = - v  X B ,  
C 
where ZY is t h e  p a r t i c l e  v e l o c i t y  of the r e l a t i v e  f i e l d  ( i n  case of  the  Sun's 
magnetic f i e l d  t h i s  is the  ve loc i ty  of p a r t i c l e s  r e l a t i v e  t o  solar wind); 
q is t h e  charge of the  p a r t i c l e ;  c is t h e  speed of l i g h t ;  B i s  the  magnetic 
induct ion ,  which i n  the  given case is t h e  equiva len t  i n t e n s i t y  ( see  [ 2 5 ] ) .  
Expressing the charge through the p o t e n t i a l  U and the  r a d i u s  a of the  par- 
title, assumed t o  be s p h e r i c a l  ( q = a U  /300) 9 we ob ta in  
- -- 
Here t h e  p o t e n t i a l  is expresse6 i n  v o l t s  a d  B i n  gauss. Assuning t h a t  t h e  
p o t e n t i a l  of the p a r t i c l e  is, f o r  i n s t ance ,  l O v ,  we s h a l l  o b t a i n  f o r  t 2e  
modulc of the Lorentz f o r c e  Lo of solar wind's magnetic f i e l d  (a t  the r?.is- 
t ance  of 1 a.u. from the  Sun) 
(3) Lo = 1.3. I O - i O  aU = 1.3 - 10-0 a dynes ; 
7 -1 i f  we assume t h a t  B = 3 loo5 p u s s  and ( s o l ~ m  ?rind 
v e l o c i t y ) .  Analogously, f o r  the  Lorents f o r c e  of t he  g e o m a p e t i c  f i e l d  a t  
t h e  d i s t a n c e  A from the  cen te r  of t h e  Earth we s h a l l  o b t a i n  the va lue  of 
i t s  nodule L 8 ( t h e  pztr t ic le  v e l o c i t y  is perpendicul'ar t o  the  2 i r e c t i o n  of  
t h e  f i e l d )  t 
4 = 4 10 cm.sec 
(4) aUv 
300cA3 
L,=-- B,=3.4.10-8aU = 3.4.10-'a dynes 
5 -1 Rere we assumed f o r  the ve loc i ty  of p a r t i c l e s  V = 1c1 cn .sec 
and f o r  t h e  m q n e t i c  moment of the  Ear th  t h e  value of 8.1 ' 1025gauss cm 3 , 
which r i v e s  B 8 = 0.31 gauss ( A is expressed i n  Ea r th ' s  r a d i i ) .  
5. 
3.1 .IO''' 
2.5.10'" 
3. l.10-'6. 
2.5.  lo-' 
3.1 lo-' 
For t h e  f o r c e  of the g r w i t a t i o n a l  a t t r a c t i o n  of the  Sun 
d i s t a n c e  of 1 a . u .  a t  
the  d i s t a n c e  of A t e r r e s t r i a l  r a d i i  from the  E a r t h ' s  c e n t e r  and f o r  t he  
g r a v i t c t i o n a l  a t t r a c t i o n  of t he  Noon at its s u r f a c e  Fa, 
F, a t  t h e  
f o r  the  g r a v i t a t i o n a l  a t t r a c t i o n  of t he  Earth F8 
we have 
npas= 2 . 5 ~ ~ ~  , dynes ( 5 )  
(6) 
F a = - . -  GM, 4 
r1 3 
F6 = CAI - 4 npa3 = 4.1 .10 3 pa8 - dynes 
A1 3 A1 
3.1 - 10'" 3.1 - 1  0"' 
2,6*10'" 2.6*10'1a 
3.1 .lo'" 3.1.10'" 
2.5 * 1 0-" 2.5*10'" 
3. I - 10'" 3.1 * IO-' 
Here f is t he  d e n s i t y  of the  dust  p x r t i c l e  i n  g cm-3; A in I :a r th*s  r a d i i ,  
- a i n  cm. The Sun's l i g h t  p re s su re  fo rce  upon a particle of - acm r ad ius ,  
s i t u a t e d  a t  t h e  d is tance  of 1a.u.  from the  Sun, is expressed by the  dependence 
nu2 QprtSs I 
(8) R@=* = 1.5.IW4q,,-..,, a2 dynes C 
where t h e  h t e n s i t y  of solar r a d i a t i o n  a t  the  d is tnnce  of 1 a,u. is  1- 1,4.106 
e r g  crno2. sec". The value or" t he  e f f i c i e n c y  f a c t o r  of light pressure  Qpres 
f o r  t o t a l l y  r e f l e c t i n g  p<mticles  may be borrowed from the  work C26J. 
T A B L E  1 
1 
6 
10 
50 
100 
1 8.0. 
1 a.0. 
1 
5 
10 
50 
100 
1 8.0. 
a = l P  C.II 
3.1 
2.6. IO'" 
3.1*10-'* 
2.5 IO-' 
3.1 * 10'" 
1 .2.10-15 
7.5. 
4.1 - IO-'" 
1.6.10-" 
4.1 * IO-'* 
1 .6.10'1D 
4 .  I .  Io-20 
2.5.10"0 
6 .9 .  IO-" 
Coropmed i n  Table 1 a r e  the  modules of the  forces L 6 ,  Lo, no, F6, F~ 
and F <  I con>uted f o r  p a r t i c l e s  of va r ious  dimensions, s i t u a t e d  a t  vzzious 
d i s t m c e s  A from the cen te r  of  the  Ezrth.  The t a b l c  i s  compiled f o r  hollow 
6 .  
l i t t l e  spheres  wi th  mean d e n s i t y  f = 0.1 g*cmo3, charged t o  the  1Ov poten- 
tial. The l i g h t  pressure  fo rce  R o  i s  compte6  f o r  d i e l e c t r i c  p a - t i c l e s  with 
an index  of r e f r a c t i o n  m -  00. 
A s  may be seen  from Table  1 , t h e  Lorentz fo rce  of t h e  geomagnetic 
f i e l d  near  the  ground is much g rea t e r  t han  t h e  Lorento fo rce  of the  solar 
wind's  f i e l d .  For  d i s t ances  h - 5 RE these  forces are comparable and a t  
f u r t h e r  d r i v i n g  of f  the Earth t h e  magnetic f i e l d  of t h e  s o l a r  wind becomes 
p reva i l i ng .  For p a r t i c l e s  wi th  radii a 3: 10°6cm the Lorentz f o r c e s  of the  
two considered f i e l d s a r e  s u b s t a n t i a l l y  g r e a t e r  than t h e  Sun's l i g h t  pressure  
f o r c e  and the  g r a v i t a t i o n a l  a t t r a c t i o n s  of the  E m t h  and of the Sun. For par- 
t i c l e s  of a z 1 0 - 5 c m s i z e  the  Lorentz f o r c e  of the  s o l a r  wind has  the  order  
of Sun's l i g h t  p re s su re  f o r c e .  Near  t h e  E a r t h  these  f o r c e s  a r e  l e s s  than t h e  
E a r t h ' s  g r a v i t a t i o n a l  a t t r m t i o n ,  but  t hey  become equal t o  i t  a l r eady  at a 
d i s t a n c e  of about 
Lorents  f o r c e  of the  ceonapnet ic  f i e l d  exceeds the  E a r t h ' s  g r a v i t a t i o n a l  force .  
Thus, f o r  p a r t i c l e s  wi th  a== 10°5cm, t he  electromagnet ic  f o r c e s  have a siF.nj.0 
f i c a n t  value a t  a l l  d i s t a n c e s  from Earth.  
from the center  of  t h e  Earth. A t  d i s t a n c e s  F RE the  
The r o l e  of t he  magnetic f i e l d  may also be est imated by way of  conpu- 
t n t i o n  of t h e  magnetic hardness  
For  t h e  geomagnetic e f f e c t s  of a moving p a r t i c l e  t o  e x i s t ,  i t s  magne- 
t i c  hczrdness must be less  than the threshold ,magnet ic  hardness,  which is 
6 v a t  the  t e r r e s t r i a l  surface.  Assuming as e a r l i e r  t h a t  
6 V = 10 crn.sec'l, f = 0.18 cm-3 and U = lOv, 
we o b t a i n  a 4 2 which corresponds t o  the conclusion dcr ived on the  
b a s i s  of d . i ta  of Table 1. 
Thus, submicron p a r t i c l e s  w i t h  r z d i i  of loo6 - loo5 cn must be 
s u b j e c t  t o  s i g n i f i c a n t  Lorentz forces ,  exceeding the  l i g h t  pressure  force.  
The magnctic f i e l d s  of t h e  so lar  wind 2nd of t h e  Ear th  w i l l  determine the  
c h a r a c t e r  of motion oi^  these p a r t i c l e s  i n  i n t e r n l a n e t a r y  space. The c a l c u l a -  
t i o n s  Terformed confirm the  p o s s i b i l i t y  of ex i s t ence  of dus t  t a i l s  of t h e  
Ea r th  and of the  Moon, c o n s i s t i n g  of submicron p a r t i c l e s  charged t o  1 O v  
p o t e n t i d  and havinG the average dens i ty  of about 0.1 g 0 cnl-3. 
, 
7. 
Submicron p a r t i c l e s  of s ize  5 .LOo6 - 5 s loW5 cn were c o l l e c t e d  i n  
n o c t i l u c e n t  clouds w i t h  t h e  h e l p  of r o c k e t s  
a l t i t u d e  range wi th  the  a i d  of t h e  V e n u s  f l y t r a p "  rocke t  C29]. A n d y s i s  of 
t w i l i g h t  observa t ions  allowed US t o  conclude c303 t h a t  at he igh t  of the  order  
of 100 k m  above the  Ea r th ' s  su r f ace  the re  e x i s t s  a t i n y  submicron dus t ,  whose 
concen t r a t ion  decreases  wi th  height  s u b s t a n t i a l l y  f a s t e r  than t h e  concentra- 
t i o n  of coa r se r  p a r t i c l e s  de t ec t ed  w i t h  t h e  h e l p  of pickups on s a t e l l i t e s .  
This  may be explained by the f a c t  t h a t  t h e  E a r t h ' s  magnetic f i e l d ,  t r app ing  
the  charged submicron p a r t i c l e s ,  prevents  t h e i r  f a l l  on t he  Ea r th ' s  sur face .  
S i m i l a r l y  t o  p a r t i c l e s  condi t ion ing  the  auroraer  the submicron charged dus t  
p a r t i c l e s  w i l l  p ene t r a t e  i n t o  t h e  E'arth's atmosphere s u b s t a n t i a l l y  e a s i e r  at 
hiph gearnapet ic  l a t i t u d e s  t h a n  i n  the  e q u a t o r i a l  reg ion .  This  would a l s o  
exp la in  t h e  l a t i t u d e  dependence of  t he  frequency of n o c t i l u c e n t  cloud appear- 
ance, p o s s i b i l i t y  pointed at by Witt [3l]. Note t h a t  submicron p a r t i c l e s  were 
p r e c i s e l y  t h e  ones de t ec t ed  i n  noc t i l ucen t  c louds;  t h e i r  s i z e  w a s  5 10-6 - 
5 10-5 ca,  which i n c r e a s e s  s u b s t a n t i a l l y  the  t ang ib leness  of t he  assumption 
made by US. A t t en t ion  should a lso  drawn i n  connection wi th  the  a3ove t o  the  
r e c e n t l y  r evea led  dependence of t he  r a t e  of dus t  a c c r e t i o n  on the geomagnetic 
l a t i t u d e  C321. po in t ing  t o  an increase  i n  the ra te  of dus t  accumulation with 
t h e  rise of eeamngnet5.c l a t i t c d e .  It I.: t r t l e  thcmgh, that t h i s  de~jendence tia8 
obta ined  f o r  cozrse  p m t i c l e s  of the s i z e  loo4 - loo2 cm, f o r  wkich the  magne- 
t i c  hc?rrlness was found t o  be above threshold.  I n  the case whereby the depend- 
ence r evea led  i n  [32] of  the acc re t ion  r a t e  on geomagnetic l a t i t u d e  is r e a l ,  
t h e r e  a r i s e s  the  problem of t h e o r e t i c a l  explana t ion  of t he  p o s s i b i l i t y  of high' 
p o t e n t i a l ' s  presence i n  p a r t i c l e s  with a > log4 cm. On t h e  o the r  hand, this 
dependence provides  the p o s s i b i l i t y  t o  assume that subrdcron p.articles too  asy 
have hiyh p o t e n t i a l s .  
C27, 283 and a l s o  i n  the  88 - 168kn 
I';si.de from the  above-indiceted r e g u l a r i t i e s  we should draw a t  t e n t i o n  
on the  c o r r e l a t i o n ,  revea led  by Blackwell and Ingham C331, between the  b r igh t -  
n e s s  o f  zodiaca l  l i g h t  and the  pe r tu rba t ion  of t he  magnetic f i e l d  n f t e r  a s o l a r  
f l a r e ,  and a l s o  on the  b r igh tness  increase  of counterglow i n  the  per iod  between 
two po la r  aurorae revenled by Par iysk iy  and G i n d i l i s  c12). 
:'he cons idera t ion ,  brought up here ,  show t h a t  t he  assumption of t he  
f a c t  t h a t  the  dus t  p a r t i c l e s  of t he  necxr-Eath cloud c a r r y  along an e l e c t r i c a l  
I I 
8. 
charge,  is q u i t e  probable,  inasmuch as i t  provides  the  p o s s i b i l i t y  of expla in-  
n ing  a s e r i e s  of observed r e p l x r i t i e s  and allows t o  i n t e r p r e t  t h e  presence 
of submicron p a r t i c l e s  i n  t h e  near-Earth dust  cloud as a r e s u l t  of t h e i r  
cap tu re  by the  geomagnetic f i e l d .  
* * * * *  T H E  E N D  e * * * *  
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